UNCLASSIFIED 


_ AD  NUMBER _ 

AD809190 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors;  Critical  Technology;  AUG 
1966.  Other  requests  shall  be  referred  to  Air 
Force  Flicht  Dynamics  Laboratory,  Attn:  FDFM, 
Wright -Patterson  AFB,  OH  4543.  This  document 
contains  export-controlled  technical  data. 


_ AUTHORITY 

AFFDL  ltr,  29  Dec  1971 


THIS  PAGE  IS  UNCLASSIFIED 


•  • 

AFFDL-TRM4S 
k  PART  VU 


W.  BRABSTON  mi  W.  BILL,  JR. 

V.  S.  ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION 


TECHNICAL  REPORT  AJfFDL-TJt-M-U,  PART  YU 
AVGUST  ISM 


AIR  P62CE  FLIGHT  DYNAMICS  LAOOIATW 
RHKARdB  ANB  TECHNOLOGY  OIWON 
AIR  FORCE  STSTEW  COKMANO 


Best 

Available 

Copy 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  in  connection  with  a  definitely  related  Government  procure¬ 
ment  operation,  the  United  States  Government  thereby  incurs  no  responsibility 
nor  any  obligation  whatsoever;  and  the  fact  that  the  Government  may  have 
formulated,  furnished,  or  in  any  way  supplied  the  said  drawings,  specifications, 
or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any 
manner  Licensing  the  holder  or  any  other  person  or  corporation,  or  conveying 
any  right*  or  permission  to  manufacture,  use,  or  sell  any  patented  invention 
that  may  ir  any  way  be  related  thereto. 


Copies  of  this  report  should  not  be  returned  to  the  Research  and  Tech¬ 
nology  Division  unless  return  is  required  by  security  considerations, 
contractual  obligations,  or  notice  on  a  specific  document. 


AIRCRAFT  GROUND -FLOTATION  INVESTIGATION 
PART  VII  DATA  REPORT  ON  TEST  SECTION  6 


W.  BRARSTON  and  W.  HILL,  JR. 

V.  S.  ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION 


This  document  Is  subject  to  special  export  controls  and  each  transmittal 
to  foreign  governments  or  foreign  nationals  suit  be  made  only  with  prior 
approval  of  tbs  Air  Force  Flight  Dynamics  Laboratory  (FDFM),  Wrlght- 
Pattcrson  Air  Force  Base,  Ohio  45433. 


FOREWORD 


The  investigation  described  herein  constitutes  one  phase  of  studies 
conducted  during  1964  and  1965  at  the  U.  S.  Army  Engineer  Waterways  Ex¬ 
periment  Station  (WES)  under  U.  S.  Air  Force  Project  No.  410-A,  MTPR 
No.  AS -4 -177,  "Development  of  Landing  Gear  Design  Criteria  for  the  CX-HLS 
Aircraft."  (The  CX-HLS  is  now  designated  C-5A.)  This  program  was  spon¬ 
sored  and  directed  by  the  Landing  Gear  Group,  Air  Force  Flight  Dynamics 
Laboratory,  Research  and  Technology  Division,  Mr.  R.  J.  Parker,  Project 
Engineer . 

These  tests  were  conducted  by  personnel  of  the  WES  Flexible  Pavement 
Branch,  Soils  Division,  under  the  general  supervision  of  Messrs.  W.  J. 
Turnbull,  A.  A.  Maxwell,  and  R.  G.  Ahlvin,  and  the  direct  supervision  of 
Mr.  D.  N.  Brown.  Other  personnel  actively  engaged  in  this  study  were 
Messrs.  C.  D.  Burns,  D.  M.  Ladd,  W.  N.  Brabston,  H.  H.  Ulery,  Jr.,  and 
W.  J.  Hill,  Jr.  This  report  was  prepared  by  Messrs.  Brabston  and  Hill. 

Directors  of  WES  during  the  conduct  of  this  investigation  and  prep¬ 
aration  of  this  report  were  Col.  Alex  G.  Sutton,  Jr.,  CE,  and  Col.  John  R. 
Oswalt,  Jr.,  CE.  Technical  Director  was  Mr.  J.  B.  Tiffany. 

Publication  of  this  technical  documentary  report  does  not  constitute 
Air  Force  approval  of  the  report’s  findings  or  conclusions.  It  is  pub¬ 
lished  only  for  the  exchange  and  stimulation  of  ideas. 


KENNERLY  H.  DIGGES* 

Chief,  Mechanical  Branch 
Vehicle  Equipment  Division 
AF  Flight  Dynamics  Laboratory 


ii 


ABSTRACT 


This  data  report  describes  work  undertaken  as  part  of  an  overall 
program  to  develop  ground-flotation  criteria  for  the  C-5A  aircraft.  A 
test  section  was  constructed  to  a  width  adequate  for  two  test  lanes.  Each 
lane  was  divided  into  three  items  having  different  subgrade  CSR  values  and 
different  traffic  surfaces.  Item  1  was  surfaced  with  modified  Til  aluminum 
landing  mat,  item  2  was  surfaced  with  M8  steel  landing  mat,  and  item  3  was 
unsurfaced.  Traffic  was  applied  to  one  lane  using  a  35>000-lb  load  on  a 
single-wheel  assembly  consisting  of  one  25.00-28,  30-ply  aircraft  tire 
inflated  to  50  psi.  When  this  combination  of  load  and  wheel  assembly  did 
not  produce  failure  in  the  traffic  lane,  the  same  assembly  with  a  60,000- 
lb  load  and  100-psi  tire  inflation  pressure  was  applied.  On  the  other 
test  lane,  traffic  was  applied  with  a  120,000-lb  load  on  a  twin-wheel 
assembly  consisting  of  two  25.00-28,  30-ply  aircraft  tires  spaced  5 6  in. 
c-c  and  inflated  to  100  psi/^5 


t-The  information  reported  jpnoAn  includes  layout  of  the  test  lanes, 
characteristics  and  print  dimensions  of  the  load  assembly  tires,  and  data 
collected  on  soil  strengths,  surface  deformations  and  deflections,  and 
drawbar  pull...  The  traffic-coverage  level  is  given  at  which  each  test 
item  was  considered  failed. 
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SUMMARY 


Tests  on  Section  6  are  one  phase  of  a  comprehensive  research  program 
to  develop  ground-flotation  criteria  for  heavy  cargo-type  aircraft.  Sec¬ 
tion  6  was  laid  out  to  accommodate  two  test  lanes,  lanes  11  and  12,  each 
of  which  was  divided  into  three  items  having  different  subgrade  CBP.  values 
and  different  traffic  surfaces  (figure  18).  Item  1  was  surfaced  with  mod¬ 
ified  Til  aluminum  landing  mat,  item  2  with  M8  steel  landing  mat,  and 
item  3  remained  unsurfaced. 

Traffic  was  applied  to  lane  11  with  a  35jOOO-lb  load  on  a  single¬ 
wheel  assembly  consisting  of  one  25.00-28,  30-ply  aircraft  tire  inflated  to 
50  psi.  No  failure  condition  was  reached  on  lane  11  and  the  lane  was  re¬ 
designated  lane  11A  for  additional  trafficking  with  the  same  single-wheel 
assembly  but  with  a  60, 000-lb  load  and  tire  inflation  pressure  of  100  psi. 
Traffic  was  applied  to  lane  12  with  a  120, 000 -lb  load  on  a  twin-wheel 
assembly  consisting  of  two  25.00-28,  30-ply  aircraft  tires  spaced  56  in. 
c-c  and  inflated  to  100  psi.  Figure  20  gives  pertinent  tire-print  dimen¬ 
sions  and  tire  characteristics. 

Except  for  lane  11  on  which  traffic  was  suspended  due  to  increasing 
subgrade  CBR  values ,  the  lanes  were  trafficked  to  failure  in  accordance 
with  the  criteria  designated  in  Part  I  of  this  report.  Data  were  re¬ 
corded  throughout  testing  to  give  a  behavior  history  of  each  item.  Using 
the  test  criteria  mentioned  above,  it  was  possible  to  directly  compare 
the  effects  of  trafficking  with  the  different  wheel  assemblies.  Basic 
performance  data  are  summarized  in  the  following  paragraphs. 


Lane  11 


Traffic  was  discontinued  at  600  coverages  on  lane  11  because  the  CBR 
was  increasing  with  traffic  and  an  excessive  amount  of  time  would  have 
been  required  to  develop  a  failure. 


Item  1 

The  item  showed  no  significant  damage  when  traffic  was  suspended  at 
600  coverages.  The  rated  CBR  was  1.5. 


Item  2 

The  item  showed  no  significant  damage  when  traffic  was  suspended  at 
600  coverages.  The  rated  CBR  was  4.1. 


Item  3 

The  item  showed  no  significant  damage  when  traffic  was  suspended  at 
600  coverages.  The  rated  CBR  was  12. 

Lane  11A 

Item  1 

The  item  was  considered  failed  due  to  roughness  at  130  coverages. 
The  rated  CBR  was  2.3. 


Item  2 

The  item  was  considered  failed  due  to  roughness  at  130  coverages. 
The  rated  CBR  was  4.3. 


Item  3 

The  south  end  of  the  item  (designated  3A)  was  considered  failed  due 
to  rutting  at  112  coverages.  Traffic  on  the  item  was  continued  to  130 
coverages  at  which  time  the  remaining  segment  (designated  3B)  was  con¬ 
sidered  failed  due  to  rutting.  Segment  3A  had  a  rated  CBR  of  12  and  seg¬ 
ment  3B  a  rated  CBR  of  l6. 

Lane  12 


Item  1 

The  item  was  considered  failed  due  to  roughness  at  90  coverages. 
The  rated  CBR  was  2.9. 


Item  2 

The  item  was  considered  failed  due  to  roughness  at  44  coverages. 
The  rated  CBR  was  4.2. 


Item  3 

The  item  was  considered  failed  due  to  roughness  at  44  coverages. 
The  rated  CBR  was  9«0. 


AIRCRAFT  GROUND-FLOTATION  INVESTIGATION 


PART  VII  DATA  REPORT  ON  TEST  SECTION  6 

SECTION  I;  INTRODUCTION 


The  investigation  reported  herein  is  one  phase  of  a  comprehensive 
research  program  being  conducted  at  the  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  Vicksburg,  Miss.,  as  part  of  U.  S.  Air  Force 
Project  No.  410-A,  MIPR  NO.  AS -4-177 >  to  develop  ground-flotation  criteria 
for  the  C-5A,  a  heavy  cargo-type  aircraft.  Specifically,  the  tests  re¬ 
ported  herein  were  conducted  to  compare  the  effects  of  trafficking  with 
a  single-wheel  assembly  and  a  twin-wheel  assembly  on  landing  mat  and 
unsurfaced  soils. 

Prosecution  of  this  investigation  consisted  of  constructing  two 
similar  traffic  lanes  and  subjecting  them  to  traffic  of  a  single -wheel, 
35>000-lb  load;  a  single-wheel,  60, OOO-lb  load;  and  a  twin-wheel,  120,000- 
lb  load. 

This  report  presents  a  description  of  the  test  section  and  wheel 
assemblies,  and  gives  results  of  traffic.  Equipment  used,  types  of  data 
and  method  of  recording  them,  and  general  test  criteria  are  explained  and 
illustrated  in  Part  I  of  th.s  report. 
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Test  Section  6  (figure  18)  was  constructed  within  a  roofed  area  in 
order  to  allow  control  of  the  subgrade  CBR  (California  Bearing  Ratio)  in 
the  test  items.  Section  6  was  located  on  the  same  site  as  Sections  2  and 
4  of  this  series.  The  construction  of  Section  2  is  described  in  Part  III 
of  this  report.  The  underlying  subgrade  was  undisturbed  by  the  two  prior 
tests  so  that  in  construction  of  Section  6  only  the  upper  2  ft  of  soil  was 
excavated.  The  excavated  area  was  backfilled  in  four  lifts  with  a  heavy 
clay  soil  (buckshot;  classified  as  CH  according  to  the  Unified  Soil  Clas¬ 
sification  System,  MIL-STD-619) .  The  fill  material  used  was  a  local  clay 
with  a  plastic  limit  of  27,  liquid  limit  of  58,  and  plasticity  index  of  31* 
Gradation  and  classification  data  for  the  subgrade  material  are  given  in 
Part  I. 

Two  traffic  lanes,  each  divided  into  three  items,  were  constructed  in 
the  test  section.  Different  subgrade  strengths  were  obtained  in  the  items 
(figure  18)  by  controlling  the  water  content  end  compaction  effort.  Items 
1  and  2  were  surfaced  with  modified  TU  aluminum  and  M8  steel  landing  mat, 
respectively  (figure  19).  Item  3  remained  unsurfaced.  The  landing  mats 
used  are  described  and  illustrated  in  Part  I. 


Load  Vehicle 


The  load  vehicle  used  for  trafficking  Section  6  is  shown  in  figure  2. 
Load  cart  construction,  details  of  linkage  between  the  load  compartment 
and  prime  mover,  and  method  of  applying  load  are  explained  in  Part  I.  For 
trafficking  lanes  11  and  11A,  a  single-wheel  assembly  was  used  with  35,000- 
and  60, 000-lb  loads,  respectively.  A.  25.00-28  ,  30-ply  aircraft  tire  was 
used  on  both  lanes  with  inflation  pressures  of  50  and  100  psi  on  lanes  11 
and  ULA,  respectively.  On  lane  12,  a  120,000  -lb  load  was  used  on  a  twin- 
wheel  assembly  consisting  of  two  25.00-28,  30-ply  aircraft  tires  spaced 
56  in.  c-c  and  inflated  to  100  psi.  Tire-print  data  and  pertinent  tire 
characteristics  are  given  in  figure  20. 


SECTION  III:  APPLICATION  OF  TRAFFIC,  FAILURE  CRITERIA,  AND  DATA  COLLECTED 

Application  of  Traffic 


On  lanes  11  and  HA,  the  load  vehicle  was  operated  to  produce  uniform 
traffic  coverage.  The  load  cart  was  driven  forward  and  backward  along  the 
same  track  longitudinally  along  the  test  lane,  then  shifted  laterally ,  and 
the  forward-backward  operation  repeated.  In  this  manner,  two  coverages  of 
traffic  were  applied  to  the  test  lane  as  the  vehicle  progressed  from  one 
side  of  the  lane  to  the  other.  Figure  la  shows  the  general  method  of 
applying  uniform  coverages  on  lanes  11  and  11A. 


SINGLE-WHEEL 
TEST  LOAD 


VEHICLE  SHIFTED 
LATERALLY  AFTER 
EACH  FORWARD- 
BACKWARD  PASS 
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POSITION  NO. 
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TRAFFIC  LANE 


LANES  11  AND  11A 


LANE  12 


o.  UNIFORM-COVERAGE  TRAFFIC 


b.  NON  UN  I  FORM-COVE  RAGE  TRAFFIC 


Figure  1.  Traffic  distribution 


Traffic  was  applied  to  lane  12  in  a  nonunifonn  fashion  with  the 
intensity  of  traffic  being  varied  across  the  lane  width  to  produce  three 
zones  of  approximately  100  ,  80,  and  20  percent  traffic  coverage.  The 
coverage  levels  referred  to  in  the  tables  and  text  in  this  report  are  the 
total  number  of  coverages  applied  to  the  100  percent  coverage  zone.  The 
corresponding  number  of  coverages  applied  to  the  outer  traffic  zones  is 
proportionally  less  in  accord  with  the  percentage  factor  for  the  respec¬ 
tive  zones,  as  shown  in  figure  lb. 


Failure  Criteria  and  Data  CoHected 


Failure  criteria  used  in  this  investigation  and  descriptive  terms 
used  in  presentation  and  discussion  of  data  in  aH  parts  in  this  report 
are  presented  in  Part  I.  A  general  outline  of  types  of  data  coHected  is 
given  in  the  following  paragraphs.  Details  on  apparatus  and  procedure 
for  obtaining  specific  measurements  are  given  in  Part  I. 


CBR,  water  content,  and  dry  density 

CBR,  water  content,  and  dry  density  of  the  subgrade  were  measured 


for  each  test  item  prior  to  application  of  traffic,  at  intermediate  cover¬ 
age  levels,  and  at  failure  or  suspension  of  traffic  if  no  failure  condition 
was  reached.  After  traffic  was  concluded  on  an  item,  a  measure  of  subgrade 
strength  termed  "rated  CBR"  was  determined.  Rated  CBR  is  generally  the 
average  CBR  value  obtained  from  all  the  determinations  made  in  the  top  12 
in.  of  soil  during  the  test  life  of  an  item.  In  certain  instances,  extreme 
or  irregular  values  may  be  ignored  if  the  analyst  decides  that  they  are 
not  properly  representative. 


Surface  roughness,  or  differential  deformation 

Surface  roughness,  or  differential  deformation,  measurements  were 
made  using  a  10-ft  straightedge  at  various  traffic -coverage  levels  on  all 
items.  Rut  depths  were  measured  for  unsurfaced  items,  and  dishing  effects 
of  individual  mat  panels  in  the  mat-surfaced  items  were  recorded. 


Deformations 


Deformations,  defined  as  permanent  cumulative  surface  changes  in 
cross  section  or  profile  of  an  item,  were  charted  by  means  of  level  read' 
ings  at  pertinent  traffic -coverage  levels. 


Deflection 


Deflection  of  the  test  surface  under  an  individual  static  load  of 
the  tracking  assembly  was  measured  at  various  traffic -coverage  levels  on 
both  surfaced  and  unsurfaced  items .  ^evel  readings  on  the  item  surface 
on  each  side  of  the  load  wheels  and  on  a  pin  and  cap  device  directly 
beneath  a  load  wheel  provided  deflection  data.  Both  total  (for  one 
loading)  and  elastic  (recoverable)  deflections  were  measured  on  unsurfaced 
items.  All  mat  deflection  was  for  practical  purposes  recoverable,  i.e. 
t^tal  deflection  equaled  elastic  (spring-back)  deflection.  The  pin  and 
cap  device  for  measuring  deflection  directly  beneath  load  wheels  was 
applied  to  the  subgrade  of  surfaced  items  through  a  hole  (existing  or 
cut)  in  the  mat. 


Rolling  resistance 

Rolling  resistance,  or  drawbar  pull,  measurements  were  performed 
with  the  load  Vehicle  over  each  test  item  at  designated  coverage  levels. 
Three  types  of  drawbar  measurements  were  taken:  (a)  maximum  force  re¬ 
quired  to  overcome  Static  inertia  and  commence  forward  movement  of  the 
load  cart,  termed  "initial  DBP";  (b)  average  force  required  to  maintain 
a  constant  speed  once  the  load  vehicle  is  in  motion,  termed  "rolling  DBP"; 
and  (c)  maximum  force  obtained  during  the  constant  speed  run,  termed 
"peak  DBP." 
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Mat  breaks 


Mat  breaks  on  the  surfaced  items  were  inspected,  classified  by  type, 
and  recorded  on  the  data  sheet  at  various  coverage  levels. 


SECTION  IV:  BEHAVIOR  OF  ITEMS  UNDER  TRAFFIC  AND  TEST  RESULTS 


Lane  11 


Behavior  of  items  under  traffic 


All  items  in  lane  11  were  relatively  undamaged  at  600  coverages  when 
traffic  was  suspended  due  to  increasing  subgrade  CBR. 

Item  1.  Figure  3  shows  item  1  prior  to  traffic.  The  item  sustained 
600  traffic  coverages  without  developing  appreciable  deformations  or 
roughness.  No  signs  of  failure  were  in  evidence  when  traffic  was  suspended 
at  600  coverages  (figure  4).  The  rated  CBR  of  the  item  was  1.5. 

Item  2.  Figure  5  shows  item  2  prior  to  traffic.  Traffic  was  sus- 
p ended  at  600  coverages  with  no  discernible  damage  evident  (figure  6).  The 
rated  CBR  was  4.1. 

Item  3«  Figure  7  shows  item  3  prior  to  traffic.  Very  shallow  sur¬ 
face  deformations  were  evident  when  traffic  was  suspended  at  600  coverages 
(figure  8).  The  item  remained  in  good  condition.  The  rated  CBR  was  12. 


Test  results 


Results  of  trafficking  lane  11  are  summarized  in  table  1.  Soil  test 
data  are  shown  in  table  2.  Table  1  contains  drawbar  pull  values  for  the 
load  vehicle  operated  over  an  asphalt  strip  for  comparison  with  drawbar 
pull  values  recorded  on  the  test  items. 

Item  1.  Item  1  showed  no  signs  of  failure  when  traffic  was  sus- 
pended  at  600  coverages.  The  following  information  was  obtained  from 
traffic  tests  on  item  1. 

a.  Roughness.  Table  1  shows  the  very  slow  development  of  differen¬ 
tial  deformations.  Practically  no  increase  occurred  between  300 
and  600  coverages.  Average  longitudinal,  transverse,  and  diag¬ 
onal  differential  deformations  measured  0.43,  0.28,  and  0.38  in., 
respectively,  at  600  coverages.  Dishing  averaged  0.21  in. 

b.  Deformation.  Figure  21  shows  average  cross-section  deformations 
for  two  typical  mat  runs  at  20  and  600  coverages.  Center^line 
profiles  along  the  item  at  20  and  600  coverages  are  presented  in 
figure  22.  The  uniform  subsidence  of  the  item  is  illustrated  in 
the  profile  plots. 

£.  Deflection.  Average  elastic  mat  deflections  measured  at  0  and 
600  coverages  are  shown  in  figure  23  for  three  positions  of  wheel 
assembly  relative  to  mat  end  joints. 
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d.  Rolling  resistance.  Drawbar  pull  values  for  numerous  coverage 
levels  are  presented  in  table  1.  Rolling  drawbar  pull  values 
registered  a  very  Slight  increase  with  trafficking.  Initial 
and  peak  values  were  less  consistent  with  some  erratic 
measurements . 

e.  Mat  breaks.  No  breaks  occurred  in  the  Til  landing  mat  surface 
before  traffic  was  suspended  at  600  coverages. 

Item  2.  Item  2  showed  no  signs  of  failure  when  traffic  was  sus- 
pended  at  600  coverages.  The  following  information  was  obtained  from 
traffic  tests  on  item  2. 

a.  Roughness .  Table  1  shows  the  small  magnitude  of  differential 
deformations  at  600  coverages.  Average  longitudinal,  trans¬ 
verse,  and  diagonal  differential  deformations  measured  0.43, 

0.25,  and  0.30  in.,  respectively,  at  600  coverages.  Dishing 
effects  were  negligible. 

b.  Deformation.  Average  cross -section  deformations  at  20  and  600 
coverages  are  shown  in  figure  21  for  two  typical  mat  runs. 

Center-line  profiles  along  the  item  are  shown  in  figure  22  for 
the  20-  and  600-coverage  levels.  The  profile  plots  illustrate 
the  uniform  subsidence  of  the  item  under  traffic. 

c.  Deflection.  Average  elastic  mat  deflections  measured  at  0  and 
6oo  coverages  are  shown  in  figure  23  for  three  positions  of  wheel 
assembly  relative  to  mat  end  joints.  Elastic  soil  deflections 
are  shown  in  table  1  for  several  coverage  levels. 

d.  Rolling  resistance.  Drawbar  pull  values  for  several  coverage 
levels  are  listed  in  table  1.  Peak  and  rolling  drawbar  pull 
values  were  nearly  constant  throughout  testing  while  initial 
drawbar  pull  measurements  varied  some  and  showed  a  marked  de¬ 
crease  at  the  600-coverage  level. 

e_.  Mat  breaks.  No  breaks  developed  in  the  M8  landing  mat  surface 
before  traffic  was  suspended  at  600  coverages. 

! 

Item  3»  Item  3  did  not  show  signs  of  failure  when  traffic  was 
suspended  at  6C0  coverages. 

a.  Roughness .  Table  1  shows  the  development  of  sma.1 1  differential 
deformations  with  traffic .  There  was  some  decrease  in  transverse 
and  diagonal  differential  deformations  between  300  and  600 
coverages.  Rut  depths  also  showed  a  decrease  at  600  coverages. 

b.  Deformation.  Figure  21  presents  the  average  cross-section  defor¬ 
mations  at  the  20-  and  600-coverage  levels.  Profile  plots  along  I 

the  item  center  line  are  shown  in  figure  22.  Cross-section  and 

profile  plots  illustrate  the  generally  uniform  subsidence  of  the 

item  under  traffic.  I 

; 

I 
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c.  Deflection.  Average  total  soil  deflections  measured  at  0  and  600 
coverages  are  presented  in  figure  23.  Elastic  soil  deflections 
are  given  in  table  1. 

d.  Rolling  resistance.  Drawbar  pull  values  measured  at  several 
coverage  levels  are  shown  in  table  1.  Peak  and  rolling  drawbar 
pull  values  were  practically  unchanged  with  trafficking.  Initial 
drawbar  pull  values  registered  a  large  decrease  between  300  and 
600  coverages. 


Lane  HA 


After  600  traffic  coverages,  items  in  lane  11  were  essentially  un¬ 
damaged  so  the  lane  was  redesignated  11A  for  renewed  trafficking  under 
increased  load  and  tire  inflation  pressure.  All  items  were  tracked  to 
failure . 


Behavior,  of  items  under  traffic 


Item  1.  Item  1  prior  to  renewed  trafficking  is  shown  in  figure  4. 
At  130  coverages,  the  item  was  considered  failed  due  to  roughness  (fig¬ 
ure  9).  The  rated  CBR  of  the  item  was  2.3. 

Item  2.  Item  2  prior  to  renewed  trafficking  is  shown  in  figure  6. 
The  item  was  considered  failed  due  to  roughness  at  130  coverages  (fig¬ 
ure  10).  The  rated  CBR  was  4.3. 

Item  3.  Item  3  prior  to  renewed  trafficking  is  shown  in  figure  8. 
At  112  coverages  the  £<outh  end  of  the  item  (sta  9+80  to  0+95)  was  con¬ 
sidered  failed  due  to  rutting;  the  north  end  of  the  item  was  in  good 
condition.  Hie  north  and  south  ends  were  then  designated  segments  3B 
and  3A,  respectively,  and  traffic  was  continued  to  130  coverages  at  which 
time  segment  3B  was  considered  failed  due  to  rutting  (figure  ll).  As  the 
figure  shows,  the  principal  area  of  deterioration  was  along  one  side  of 
the  lane  where  a  severe  rut  developed  reaching  a  maximum  depth  of  3.32 
in.  The  rated  CBR  of  segment  3A  was  12.  Segment  3B  had  a  rated  CBR 
of  16. 


Test  results 


Results  of  trafficking  lane  11A  are  sumnarized  in  table  1.  Soil 
test  data  are  given  in  table  2.  Table  1  contains  drawbar  puLl  values  for 
the  load  vehicle  operated  over  an  asphalt  strip  for  comparison  with  draw¬ 
bar  puH  values  recorded  on  the  test  lane. 

Item  1.  Item  1  was  considered  failed  due  to  roughness  at  130  cover¬ 
ages.  The  following  information  was  obtained  from  traffic  tests  on  item  1. 
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a.  Roughness .  Differential  deformations  that  developed  with  traf- 

~  ficking  are  recorded  in  table  1.  At  failure  the  average  longi¬ 
tudinal,  transverse,  and  diagonal  differential  deformations  mea¬ 
sured  1.16.  2.19,  and  1.88  in.,  respectively.  Average  dishing 
reached  0.47  in.  at  failure. 

b.  Deformation.  Figure  21  shows  average  cross-section  deformations 
at  20  and  130  coverages  for  two  typical  mat  runs.  Center-line 
profiles  at  the  same  coverage  levels  are  shown  in  figure  22. 

c.  Deflection.  Average  elastic  mat  deflections  under  static  load 
of  the  load-wheel  assembly  are  shown  in  figure  23  for  three 
positions  of  the  assembly  relative  to  mat  end  joints.  Elastic 
soil  deflection  at  failure  was  2.1  in. 

d.  Rolling  resistance.  Drawbar  pull  values  recorded  at  intervals 
during  the  test  period  are  shown  in  table  1.  Rolling  drawbar 
pull  registered  a  slight  decrease  at  130  coverages  from  prior 
measurements .  Peak  drawbar  puli  values  were  relatively  constant 
throughout  testing  while  the  initial  drawbar  pull  registered  a 
substantial  decrease  at  130  coverages. 

e.  Mat  breaks.  The  number  and  type  of  mat  breaks  are  shown  in 
table  1  for  several  traffic -coverage  levels.  No  breaks  were 
evident  at  20  coverages,  but  breaks  increased  rapidly  thereafter 
to  failure. 

Item  2.  Item  2  was  considered  failed  due  to  roughness  at  130  cover- 
The  following  information  was  obtained  from  traffic  tests  on  item  2. 

a.  Roughness .  Differential  deformations  that  developed  with  traf¬ 
ficking  are  shown  in  table  1.  A  consistent  increase  in  differ¬ 
ential  deformations  occurred  up  to  the  time  of  failure.  At 
failure  the  average  longitudinal,  transverse,  and  diagonal  dif¬ 
ferential  deformations  were  1.4-7,  2.00,  and  1.91  in.,  respec¬ 
tively.  Average  dishing  reached  0.4l  in. 

b.  Deformation .  Figure  21  shows  average  cross-section  deformations 
at  20  and  130  Coverages  for  two  typical  mat  runs.  Center-line 
profiles  for  the  same  coverage  levels  are  presented  in  figure  22. 

c.  Deflection.  Average  elastic  mat  deflections  under  static  load 
of  the  load-wheel  assembly  are  presented  in  figure  23  for  three 
positions  of  the  assembly  relative  to  mat  end  joints.  Elastic 
soil  deflections  are  shown  in  table  1  and  reached  0.9  in.  at 
failure . 

d.  Rolling  resistance.  Drawbar  pull  values  recorded  at  intervals 

~  during  the  test  period  are  shown  in  table  1.  All  drawbar  pull 

values  showed  small  increases  at  130  coverages  over  the  values 
recorded  at  0  coverages. 


--  -  — j&.e 
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e .  Mat  breaks.  As  shown  in  table  1,  very  few  breaks  occurred  in 

"*  the  m8  mat  surface  during  the  test  period. 

Item  3»  Item  3  failed  in  two  segments  at  different  coverage  levels. 
Segment  3A  (sta  0+80  to  0+95)  was  considered  failed  due  to  rutting  at  112 
coverages.  Traffic  was  continued  on  the  item  until  segment  3B  (sta  0+95 
to  1+10)  was  considered  failed  due  to  rutting  at  130  coverages.  The 
following  information  was  obtained  from  traffic  te-ts  on  item  3. 

a.  Roughness .  Development  of  differential  deformations  and  rut 
depths  with  trafficking  is  shown  in  table  1.  In  segment  3A, 

rut  depths  averaged  2.88  in.  at  112  coverages  (failure).  Rutting 
of  segment  3B  was  limited  to  one  side  of  the  lane  and  measured 
3.32  in.  at  130  coverages. 

b.  Deformation.  Figure  21  shows  average  cross-section  deformations 
measured  at  20  and  130  coverages.  The  severe  rut  that  developed 
along  one  side  of  the  lane  is  illustrated  in  the  plot  at  130 
coverages.  Center-line  profiles  along  the  item  are  shown  in 
figure  22  for  20  and  130  coverages. 

c.  Deflection.  Average  total  soil  deflections  are  shown  in  fig¬ 
ure  23  for  0,  20,  and  130  coverages.  The  elastic  subgrade  de¬ 
flections  (see  table  l)  reached  0.9  in.  at  130  coverages. 

d.  Rolling  resistance.  Drawbar  pull  values  measured  on  the  item 
are  3hown  in  table  1  for  each  of  the  two  segments .  All  drawbar 
pull  values  on  segment  3A  registered  increases  at  130  coverages 
over  the  values  measured  prior  to  trafficking.  On  segment  3B, 
the  initial  drawbar  pull  increased  substantially  with  traffick¬ 
ing  but  rolling  and  peak  drawbar  values  changed  insignificantly. 


Lane  12 


Behavior  of  items  under  traffic 


Item  1.  Figure  12  shows  item  1  prior  to  traffic.  The  item  was  still 
in  good  condition  when  measurements  were  recorded  at  44  traffic  coverages. 
Additional  trafficking  produced  progressive  deterioration  of  the  item 
until  it  was  considered  failed  due  to  roughness  at  90  coverages  (figure  13). 
The  rated  CBR  was  2.9. 

Item  2.  Figure  l4  shows  item  2  prior  to  traffic.  The  item  was  con¬ 
sidered  failed  due  to  roughness  at  44  coverages  (figure  15).  At  failure 
the  plank  ends  along  the  mat  joint  line  near  the  lane  center  were  bent 
downward  into  the  subgrade  in  contrast  to  the  upward  protrusion  of  plank 
ends  encountered  in  previous  test  lanes.  The  rated  CBR  was  4.2. 

Item  3.  FLgure  16  shows  item  3  prior  to  traffic.  After  20  coverages 
the  surface  remained  in  good  condition.  At  the  44-coverage  level  the 
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item  was  considered  failed  due  to  roughness  (figure  17).  The  rated  CBR 
was  9*0. 


Test  results 


Results  of  trafficking  lane  12  are  summarized  in  table  1.  Soil 
test  data  are  given  in  table  2.  Table  1  contains  drawbar  pull  values 
for  the  load  vehicle  operated  over  an  asphalt  paved  strip  for  com¬ 
parison  with  drawbar  pull  values  recorded  on  the  test  lane. 

Item  1.  Item  1  was  considered  failed  due  to  roughness  at  90  cover¬ 
ages.  The  following  information  was  obtained  from  traffic  tests  on  item  1. 

a. .  Roughness .  Table  1  shows  the  consistent  increase  in  differential 

deformations  with  trafficking.  At  failure  the  average  longi¬ 
tudinal,  transverse,  and  diagonal  different ial  deformations  were 
1.47,  3*34,  and  2.53  in.,  respectively.  The  average  dishing 
was  0.38  in. 

b.  Deformation .  Figure  24  shows  average  cross-section  deformations 
at  several  coverage  levels  for  two  typical  mat  runs.  Center-line 
profiles  are  shown  in  figure  25.  Deformations  are  seen  to  follow 
a  consistent  pattern  of  increasing  severity  with  trafficking, 
reaching  maximum  values  at  failure  of  the  item. 

c.  Deflection .  Average  elastic  mat  deflections  under  static  load 
of  the  load-wheel  assembly  are  shown  in  figure  26  for  three  posi¬ 
tions  of  the  assembly  relative  to  mat  end  joints.  Deflection 
measurements  were  not  always  consistently  greater  with  higher 
coverage  levels,  but  decreased  in  some  cases  from  earlier 
measurements.  Elastic  soil  deflection  at  failure  measured 

2.5  in. 

d.  Rolling  resistance.  Drawbar  pull  values  are  shown  in  table  1 
for  several  coverage  levels  during  testing.  Changes  in  drawbar 
pull  with  trafficking  were  small  and  all  values  were  less  at 
failure  than  at  44  coverages. 

e .  Mat  breaks  .  The  Til  mat  surface  did  not  have  an  excessive  number 
of  breaks  at  failure.  The  most  common  type  of  break  was  shear¬ 
ing  of  rivets  along  the  center  line  of  panel  splice  joints. 

Item  2.  Item  2  was  considered  failed  due  to  roughness  at  44  traffic 
coverages.  The  following  information  was  obtained  from  traffic  tests  on 
item  2. 


a.  Roughness .  Differential  deformations  as  measured  at  Intervals 
during  trafficking  are  shown  in  table  1.  Average  longitudinal 
differential,  deformation  decreased  to  0.44  in.  at  failure  from 
the  value  of  O.85  in.  at  20  coverages.  Average  transverse 
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and  diagonal  differential  deformations  were  2.22  and  1.88  in.,* 
respectively,  at  failure.  Dishing  was  slight,  averaging  0.25 
in.  at  failure. 

b.  Deformation.  Figure  24  shows  average  cross-section  deformations 
at  20  and  44  coverages  for  two  typical  mat  runs.  Center-line 
profiles  are  shown  in  figure  25  for  the  same  coverage  levels.. 

The  downward  bend  of  the  panel  ends  along  the  mat  joint  line 
near  the  lane  center  is  illustrated  in  a  cross-section  plot  (fig¬ 
ure  24).  In  previous  tests,  the  panel  ends  along  a  mat  joint 
line  most  commonly  protruded  upward  at  failure,  as  was  the  case 
at  20  coverages  in  this  item. 

c.  Deflection.  Average  elastic  mat  deflections  under  static  load 
of  the  load-wheel  assembly  are  shown  in  figure  26  for  three  posi¬ 
tions  of  the  assembly  relative  to  mat  end  joints.  In  some  in¬ 
stances,  it  is  seen  that  the  greatest  deflections  did  not  always 
correspond  with  higher  coverage  levels.  Elastic  soil  deflections, 
shown  in  table  1,  measured  1.2  in.  at  failure. 

d.  Rolling  resistance.  Drawbar  pull  values  measured  at  intervals 
during  trafficking  are  shown  in  table  1.  All  drawbar  pull 
values  increased  with  number  of  coverages. 

e.  Mat  breaks.  No  breaks  in  the  M8  mat  surface  were  observed 
during  the  course  of  testing. 

Item  3«  Item  3  was  considered  failed  due  to  roughness  at  44  cover¬ 
ages.  The  following  information  was  obtained  from  traffic  tests  on  item  3. 

a.  Roughness .  Differential  deformations  and  rut  depths  measured  at 
20  and  44  coverages  are  shown  in  table  1.  Rut  depths  at  failure 
averaged  2.75  in.  Transverse  and  diagonal  differential  deforma¬ 
tions  averaged  3*75  and  3*44  in.,  respectively,  at  failure. 

b.  Deformation .  Average  cross-section  deformations  are  shown  in 
figure  24  for  20  and  44  coverages;  severe  rutting  of  the  surface 
is  reflected.  Center-line  profile  deformations  are  shovn  in 
figure  25. 

c.  Deflection.  Average  total  soil  deflections  are  shown  in  fig- 

ure  26  for  0,  20,  and  44  coverages*  A  large  increase  in  total  de¬ 
flection  is  noted  at  44  coverages.  Elastic  soil  deflections 
are  shown  in  table  1.  The  maximum  elastic  deflection  value 
recorded  was  0.7  in.  at  failure  of  the  item. 

d.  Rolling  resistance.  Drawbar  pull  values  are  shown  in  table  1 
for  0,  20,  and  44  coverages .  Rolling  drawbar  pull  increased 
consistently  with  increasing  coverages.  Little  change  was  noted 
in  initial  drawbar  pull.  Peak  drawbar  pull  values  showed  an 
increase  only  at  the  44-coverage  level. 


SECTION  V:  PRINCIPAL  FINDINGS 


From  the  foregoing  discussion,  the  principal  findings  relating  test 
load,  wheel  assembly,  tire  inflation  pressure,  surface  type,  cubgrade  CBR, 
and  traffic  coverages  are  as  follows: 


Load,  Wheel  Assembly, 
and  Tire  Pressure 

Type 

of 

Surface 

Rated 

Subgrade 

CBR 

Coverages 

at 

Failure 

35,000-lb  load;  single - 

liodified  HI 

1.5 

No  failure; 

wheel  assembly;  25.00- 

aluminum  mat 

traffic 

28,  30-ply  tire  at  50- 

suspended 

psi  inflation  pressure 

M8  steel  mat 

4.1 

at  60C 

coverages 

Uhsurfaced 

12.0 

60, 000-lb  load;  single¬ 

Modified  Til 

2.3 

130 

wheel  assembly;  25.00- 

aluminum  mat 

28  ,  30-ply  tire  at  100- 
psi  inflation  pressure 

M8  steel  mat 

4.3 

130 

Unsurfaced 

12.0 

112 

16.C 

130 

120,000-lb  load;  twin- 
wheel  assembly  (56  in. 
c-c);  25.00-28,  30-ply 
tires  at  100-pei 

Modified  Til 

2.9 

90 

aluminum  mat 

M8  steel  mat 

4.2 

44 

inflation  pressure 

Un surfaced 

9.0 

44 

1? 


(5  ^ 

odd 
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suwakt  or  cm,  casm,  akd  wato  comntT  data,  test  sectioh  6 


Traffic 

Depth 

Ccntent 

Density 

Type  of  Surface 

Core rage  a 

(In-) 

CBH 

w  . 

(ib/cu  ft) 

Remarks 

Lane 

_n 

Modified  TU 

0 

0 

1.2 

31.0 

86.6 

Traffic  suspended  at  600 

alualma 

6 

1.4 

29.8 

89.2 

coverages;  no  failure 

landing  eat 

12 

1.8 

31.3 

87.6 

18 

1.4 

32.2 

85.9 

M8  ateel  land¬ 

0 

0 

3.6 

28.1 

90.2 

Traffic  suspended  at  600 

ing  eat 

6 

3.1 

26.2 

89-1 

coverages;  no  failure 

12 

5-4 

27.4 

92.7 

18 

4.9 

27.5 

91.8 

Un surfaced 

0 

0 

9.0 

23.9 

93-0 

Traffic  suspended  at  600 

6 

11.0 

25-2 

96.8 

coverages;  no  failure 

12 

11.0 

28.0 

93-1 

18 

8.0 

26.0 

89.3 

600 

0 

15.0 

24  ;9 

98.2 

6 

17.0 

24.2 

96.6 

12 

u.o 

24.2 

96.8 

Lane 

11A 

Modified  TU 

130 

0 

2.7 

31.5 

88.7 

Itea  failed  at  130  coverages 

alualmai 

6 

3-3 

30.7 

89.7 

due  to  roughness 

landing  nat 

12 

3-5 

29.8 

69.2 

lfl 

4.2 

30.6 

89.6 

MB  eteel  land¬ 

130 

0 

4.3 

29-5 

91.0 

Itea  failed  at  130  coverages 

ing  net 

6 

4.1 

26.7 

94-5 

due  to  roughness 

12 

5.1 

25.6 

95.8 

18 

6.5 

27.8 

90.9 

Ub surfaced 

0 

0 

15.0 

24.9 

98.2 

IteA  failed  due  to  rutting 

6 

17.0 

24.2 

96.6 

In  tw>  eegasnts  (3A  and 

12 

U.O 

24.2 

96.8 

3B) 

(Segment  3A) 

130 

0 

12.0 

24.2 

98.4 

Segaent  3A  failed  due  to 

6 

10.0 

24.} 

96-7 

rutting  at  112  coverages. 

12 

8.0 

26.8 

94.8 

Traffic  continued  to  130 

18 

9.0 

26.7 

95.2 

coverages 

(Regnant  3») 

130 

0 

24.0 

22.4 

100.8 
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Figure  10.  Lane  11A,  item  2.  Transverse  straightedge  shows 
deformations  at  130  coverages  (failure) 


Figure  11.  Lane  11A,  item  3;  general  view  of  item  at 
130  coverages  (failure) 


Figure  12.  Lane  12,  item  1,  prior  to  traffic 


nfc-a* 

Figure  13 .  Lane  12,  item  1.  Transverse  straightedge  shows 
deformations  at  90  coverages  (failure) 
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